In a study of two components of associative learning, it was found that during acquisition older people were more likely to forget material on which they were previously correct, but only for associations which were not well learned. Older people also formed fewer correct associations in the course of the task. Differences in learners' perceptual speed were found to account for some of the age deficit in the number of learning attempts, but speed was less relevant in accounting for age differences in forgetting and in the ability to generate new responses. Measured central executive functioning was less important in accounting for age differences on all measures. It is argued that forgetting is less important as a source of learning performance than has been suggested elsewhere (e.g., Salthouse, 1994). Rather, it is the inability of older persons to form associations as rapidly as younger ones which accounts for most of the age effect.
In a study of two components of associative learning, it was found that during acquisition older people were more likely to forget material on which they were previously correct, but only for associations which were not well learned. Older people also formed fewer correct associations in the course of the task. Differences in learners' perceptual speed were found to account for some of the age deficit in the number of learning attempts, but speed was less relevant in accounting for age differences in forgetting and in the ability to generate new responses. Measured central executive functioning was less important in accounting for age differences on all measures. It is argued that forgetting is less important as a source of learning performance than has been suggested elsewhere (e.g., Salthouse, 1994) . Rather, it is the inability of older persons to form associations as rapidly as younger ones which accounts for most of the age effect.
I
T is well established that older people tend to learn more slowly than do younger ones (e.g., Salthouse, 1985; Herzog & Rodgers, 1989) . The reasons for this age-difference have not been determined fully, and this paper will explore some possible causal mechanisms. Three issues will be examined.
The first concerns the role of short-term forgetting. It is possible that older people's slower learning arises from the fact that during the learning task they more rapidly forget material which they had initially acquired. Salthouse (1994 Salthouse ( , p. 1486 has suggested that increased age is "related to poorer associative learning largely because of a failure to retain information about previously correct responses" and that "age-related decreases in the speed of processing lead to less effective encoding and elaboration, which results in a fragile representation that is easily disrupted by subsequent processing." However, he studied associations which had been correctly made on only a single occasion, thus including those which were guessed (random responses would have been correct on one in six occasions in that study). Other correct responses, while not entirely obtained by chance, may have been 'educated guesses.' Perhaps the learner was sure that the correct response was one of two or three alternatives and was lucky enough to guess the correct one, but happened to select a different alternative on the next trial. Thus, rather than the apparent forgetting in older participants being due to the disruption of a fragile representation as proposed by Salthouse, it may have been that the representation itself was not completed or only partially specified. If this interpretation is correct, it appears inappropriate to describe the process as forgetting when material may not have been learned in the first place.
Such behavior may have more to do with an age-related inability to fully utilize feedback, resulting in a failure to inhibit incorrect responses from previous trials. Salthouse (1994) examined the incidence of perseverative errors (for a given target, repeating the same incorrect response in consecutive trials), and, while a significant age effect was found in his first study (older persons making more errors), it was below statistical significance in the second.
In view of these observations, it is important to examine short-term forgetting at different levels of learning. If an initial representation is indeed incompletely specified in older participants, then subsequent learning should eventually generate a properly specified structure capable of yielding the correct response. Alternatively, if the initial representation is complete but fragile, as Salthouse maintains, then as individuals proceed through additional learning trials, repetition of correct responses should progressively increase the strength of that representation. (In terms of the dual-concept model of memory, repeated activation of the memory trace would serve to increase its strength; see, for example, Anderson, 1990.) This should make the representation more resistant to disruption. In both situations, the age difference in forgetting at higher levels of learning should disappear. Salthouse (1994) examined only the first four trials in each set, and only changes between two consecutive trials, so that the pattern of forgetting at different levels of learning could not be examined. In the present study, the proportion of new items forgotten will be measured at different stages, based on the number of consecutive trials on which the item has been successfully recalled. Thus a separate forgetting value will be derived for items that have been recalled on 1, 2, 3, etc., all the way up to 9 preceding consecutive trials. This yields nine separate indices of short-term forgetting.
To summarize, if for older participants initial learning results in a low-strength or incomplete memory trace, then ASSOCIATIVE LEARNING P113 subsequent learning trials should increase the strength of the trace or the completeness of the representation, and the age difference in forgetting should diminish. Thus, it is expected that age differences will be found only for items which have been recalled a small number of times.
A second issue concerns the initial formation of new associations: is there an age difference in that respect? As noted above, Salthouse (1994) found that the performance decrement in older persons was primarily due to a higher incidence of forgetting relative to the younger participants. Indeed, Salthouse observed that the age-related variance in associative learning performance was no longer statistically significant following control for the propensity to forget previously learned responses. One possible implication of this is that older people acquire new associations as effectively as younger ones, but forget those more rapidly. In order to better characterize the nature of the overall age decrement, this second component of learning, the ability to acquire new associations (i.e., to generate new successful responses), thus deserves attention in addition to short-term forgetting.
The two.components come together in relation to possible interpretations of differences in overall performance. Is the age deficit in learning performance solely attributable to forgetting, as suggested by Salthouse, or are older persons also less effective through a relative inability to generate new successful responses? A case can equally be made for the latter alternative, given the fact that older people tend to achieve lower scores on learning measures of many kinds. A relative failure by older learners to generate new successful responses is also expected here.
In the event that age differences are found both in shortterm forgetting and also in the formation of new successful responses, can either of those factors completely account for the age decrement in overall learning scores? That issue will also be examined.
A third question asks which core aspects of cognitive functioning are responsible for the age-deficit in learning performance. Age-related decrements in perceptual speed have been found to underlie a number of other age-related deficits. It is clear that older individuals process information more slowly than younger ones (e.g., Salthouse, 1993) , and that age differences in perceptual speed are implicated in poorer performance at older ages in, for instance, working memory (Fisk & Warr, 1996; Salthouse, 1992) and associative learning (Salthouse, 1994) . Older people's lower perceptual speed may impair learning in one or both of two ways. Slower processing may result in reduced acquisition of new associations (since the time available during a task is limited), as well as reducing the opportunity to carry out additional rehearsal which can assist retention. It would be valuable to identify how far age differences in short-term forgetting and initial acquisition (above) might be accounted for by differences in perceptual speed. In the light of previous findings (obtained with different measures), speed is expected to have a significant impact in both cases.
However, it is not yet entirely clear what is measured by the perceptual speed variable. The idea that perceptual speed indicates merely the underlying rate at which information is activated within working memory may be questioned. For example, Lindenberger, Mayr, and Kliegl (1993, p. 218) have proposed that the speed measure could equally reflect "the smooth and error free coordination of perceptual and cognitive activities in working memory." Further, Salthouse himself has noted that the speed deficit may be attributable to age-related "lapses in attention or concentration" (Salthouse, 1994 (Salthouse, , p. 1502 . Thus the age decrement in speed could be due to some impairment in the control function of the working memory system, which manifests itself in terms of a general slow-down in activity.
An alternative view of the age-related impairment in cognitive performance is in terms of differences in the operation of a central executive processor (Baddeley, 1986 (Baddeley, , 1990 Morris & Jones, 1990) . In Baddeley's model, the central executive is described as controlling and integrating actions and activities. Its principal role is seen as a mechanism for maintaining attention, for strategy selection, and for the control and coordination of activities involved in cognitive processing.
There is considerable evidence for the existence of a central executive processor of this kind. Impairment in central executive function has been identified in patients with Alzheimer's disease (Morris, 1994) ; and research with nonclinical samples has shown that the central executive, is involved in conditional reasoning (Toms, Morris, & Ward, 1993) , in generating connected sequences of stimulusindependent thought (Teasdale, Proctor, Lloyd, & Baddeley, 1993) , in syllogistic reasoning (Gilhooly, Logie, Wetherick, & Wynn, 1993) , and in a dynamic memory-updating task (Morris & Jones, 1990 ). Using the same task as Morris and Jones (1990) , Van der Linden, Bredart, and Beerten (1994) argued that age-related decrements in cognitive performance may be attributable to a reduction in central executive resources associated with the normal process of aging.
There is a need now for investigation of the extent to which central executive processes may mediate age deficits in associative learning. How far do age differences in central executive activity account for observed patterns in overall learning scores, as well as in short-term forgetting and initial successful responding? If the deficit in perceptual speed is in reality a reflection of central executive impairment, then measures of central executive functioning should be superior in accounting for age deficits in learning performance relative to the perceptual speed measures. This comparative issue will also be examined here.
These three themes may be summarized in terms of seven hypotheses. The often-demonstrated age decrement in overall learning performance provides the background to the more specific perspectives adopted here, and no hypothesis needs to be proposed about that. Associated with that overall difference, the following hypotheses are proposed.
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learning score will become non-significant after statistical control for differences in short-term forgetting. This outcome would be consistent with Salthouse's (1994) results.
Hypothesis Id.-The observed age effect in overall learning score will become non-significant after statistical control for the formation of new successful responses. Such an outcome would highlight the importance of the ability to generate new successful responses (as opposed to the differential incidence of forgetting) in accounting for age differences in overall performance.
Hypothesis 2a.-Age decrements in short-term forgetting and in new successful responding will be attributable to differences in perceptual speed. (This is already known to be the case for overall learning; e.g., Salthouse, 1994 .) Age deficits in those learning measures are expected to be substantially reduced following statistical control for the effects of speed.
Hypothesis 2b.-Age decrements in short-term forgetting and in new successful responding will be attributable to differences in central executive functioning. Age deficits are expected to be substantially reduced following statistical control for the effects of central executive functioning.
Hypothesis 2c.-If age differences in perceptual speed are in reality attributable to age-related impairment in the central executive, then measures of the latter should have a greater attenuating effect on the age decrement in learning performance than measures of perceptual speed.
METHOD
Design and Analyses
A repeated measures MANOVA (multivariate analysis of variance) design was employed, with age (two levels: 20-33 and 60-80) between participants; level of learning (hypothesis la) and trials (hypothesis lb) were the withinparticipants factors. Dependent variables were the percentage incidence of short-term forgetting at various levels of learning (hypothesis la), and the number of new successful responses per trial (hypothesis lb).
Hypotheses lc and Id were tested by a series of ANCOVA (analysis of covariance) procedures with total number of learning attempts as the dependent variable, age as the dichotomous treatment variable, and forgetting (hypothesis lc) and new successful responses (hypothesis Id) as covariates.
Hypotheses 2a, 2b, and 2c were also tested through AN-COVA procedures with the learning component measures (short-term forgetting and number of new successful responses) as the dependent variables, age as the treatment variable, and perceptual speed and central executive functioning as covariates.
Age was entered as a dichotomous variable, with values -1 and 1 (old and young) depending on the age group to which a person belonged. Note that the overall learning measure (number of attempts) is an inverse index of successful performance.
Participants
Sixty-one people took part in the study; 30 were aged between 20 and 33 (average age 25) and the remainder were between 60 and 80 (average age 67). Thirty of the participants were men and 31 were women; all were volunteers from a university research panel. The mean years of fulltime education was 11.0 for the older group and 13.4 for the younger; this difference is attributable to cohort differences in the mandatory school-leaving age. On the basis of a self-reported health measure, individuals suffering from any chronic medical condition and those on long term medication were excluded from the selection process. The two groups were therefore similar in this regard. Payment was made at the rate of £4 per hour for participation.
The Learning Task
A computer-based task was employed, which required participants to learn some of the basic elements of wordprocessing. Their task was to learn over a number of trials which keys were associated with given cursor movements, such as to move the cursor to the end of the line. The word processor was modified so that all cursor movements were effected by pressing one of the ten F keys (Fl, F2, F3, etc.) that are standard on most keyboards. On each trial, eight movements were presented for learning. Individuals were allowed up to four attempts to identify each key, before being prompted with the correct answer. There were 24 trials in total, and all participants learned the same eight operations on each trial.
The person was asked (on the screen) to generate a specific cursor movement (for example, "move the cursor to the top of the page"). If correct, the cursor moved in the appropriate fashion and the following message was displayed on the screen: "Good, your response (participant's response) is correct." The next movement was then requested. If incorrect, the cursor did not move and the following message was displayed: "Error, your response (participant's response) is incorrect. Please try again." The computer kept a record of all responses made.
In the event of four unsuccessful attempts, the correct response was provided. The participant was asked to make that response as prompted. The computer then advanced to the next cursor movement. For each trial, the total number of attempts over all eight target cursor movements was summed, yielding one score per trial for each participant. A five-minute break was taken after each block of eight trials.
In terms of content validity, the major features of this task are analogous to other tests of associative learning. The requirement is to associate individual cursor movements with the corresponding keys over a number of learning trials. However, relative to traditional tests of associative learning, the task is more realistic, presenting participants with the kind of learning experience that they might encounter in real-world contexts, while retaining the control afforded by administration within a laboratory setting.
Allowing several attempts per target represents a departure from traditional studies of associative learning, where only one attempt is more usual. The procedure has a number of methodological advantages, in addition to its greater ecological validity. First it allows us to differentiate be-tween those individuals who have some knowledge about the identity of the target (although not perfect knowledge) and those who have none at all-the former group on balance requiring fewer attempts than the other. Under traditional measures both groups would score the same. Second, it provides a more fine-grained measure than other metrics, such as a simple index in terms of trials to criterion.
Short-term forgetting.-The incidence of short-term forgetting was measured for each level of learning (the number of times it had been correct) on each trial. Thus the proportion of items forgotten that had previously been recalled on the last " j " consecutive trials was measured for all values of j from 1 to 9 (in order to be included, the item had to have been previously recalled on the first attempt in each trial). The resulting figures were summed over all trials for each value of j , to yield a total of nine measures of shortterm forgetting, each corresponding to a different level of learning.
New successful responses.-A new successful response on trial "n" was defined as a correct response (at the first attempt) both on trial n and on trial n-1, preceded either by no prior exposure to the target item or by an incorrect response in trial n-2. As pointed out in the introduction, this criterion was more stringent than the one applied by Salthouse (1994) (requiring two correct responses), in order to minimize the impact of guessing.
Perceptual speed.-Two measures of speed were obtained, as described by Salthouse and Babcock (1991) . They were combined into a single score by averaging standardized scores from separate measures of letter and pattern comparison speed. In the letter comparison speed task, participants were presented with two rows of letters on a computer screen, and were asked to classify these as rapidly as possible as "the same" or "different." In half of the trials the rows of letters were the same, and in the other half one of the letters was different. Three 90-second trials were administered. For each trial and each level of complexity (three, six, or nine letters) the computer kept a record of the number of correct responses; these were combined after standardization into z-scores.
The pattern comparison speed task was structured and scored in exactly the same way as the letter comparison task. However, the stimulus was a matrix potentially consisting of a basic grid of nine cells (three across and three down). The border of each cell was defined by a line segment, and the particular line segments in each stimulus were randomly selected. Two patterns were displayed, one in the top and one in the bottom half of the screen. In half of the trials the patterns were the same; in the other half they differed by only one line segment. As in the letter task, the objective was to classify as many pairs as possible as "the same" or "different" within a fixed time period.
Central executive functioning.-This was assessed through a random-letter generation task based closely upon the procedure described by Baddeley (1966 Baddeley ( , 1990 . Individuals were required to generate letters in a random sequence, at various rates ranging to the slowest at one letter every four seconds. This task is viewed as tapping the central executive, since it requires people to suppress natural retrieval strategies which may lead to the production of alphabetical, or otherwise familiar, sequences such as CIA or BBC. Instead, a person has to search for alternative ways to generate random letters, placing a continual strain on central executive functioning. It is found that faster production rates place increasing demands on the central executive (Baddeley, 1990; Gilhooly, Logie, Wetherick, & Wynn, 1993; Teasdale, Proctor, Lloyd, & Baddeley, 1993) .
The task employed in the present study was isomorphic to the one used by Baddeley (1966) . However, a computer display and concurrent auditory signal were used here to pace responses. Participants were asked to speak aloud letters in a random sequence. They were told to avoid repeating the same sequence of letters, to avoid producing alphabetical sequences, and to try to speak each letter with the same overall frequency. Individuals were asked to produce three sets of 100 letters; one set was to be produced at the rate of one letter every four seconds, another set at one every two seconds, and the third set at one every one second. The order in which participants produced the sequences (i.e., four-, two-, or one-second intervals) was randomized. Responses were recorded on an answer sheet by the experimenter.
This task yields two measures of non-randomness. The number of repeat sequences is the number of times any letter pair is repeated, summed over all such occurrences; and the number of alphabetical sequences is the number of letter pairs that are alphabetically ordered. For each of these measures, higher scores represent lower randomness and less effective functioning. Each person completed two trials of the task at separate sessions (see the Procedure section), generating six scores in total, two at each of three production rates (four-second, two-second, and one-second). These values were combined for analyses through z-scores.
Procedure
Participants first completed the tasks to measure perceptual speed (letter and pattern comparison), then the test of central executive functioning (random-letter generation). During a second session approximately five days later, the learning task was administered.
In order to enhance reliability of the measures of perceptual speed and central executive functioning, these were repeated after participants had completed the learning task. (Scores presented below are averages across those two occasions of measurement.) Individuals were finally informed about the purpose of the experiment and asked for their comments.
RESULTS
The initial expectation that older participants would learn more slowly was confirmed. Summed over all 24 trials, older participants required 600.61 learning attempts on average compared with an average of 341.50 for the younger group. Repeated measures MANOVA with number of attempts on each trial (summed over all items) as the dependent variable, trials as a within-persons factor, and age as a P116 FISKAND WARR between-persons factor, yielded a significant main effect of age [F(l,59) = 54.74, MS = 42650, p < .001] and trials [F(7,406) = 84.29, MS = 1334, p < .001], and there was a significant trials by age interaction [F(7,406) = 2.10, MS = 33.25, p < .05] (the degrees of freedom have been adjusted using a Greenhouse-Geisser epsilon value of 0.299).
Hypothesis la: Short-term Forgetting
The first hypothesis is that, relative to younger people, older learners will exhibit a greater degree of short-term forgetting of associations repeated infrequently, but that this difference will not be present for well-learned associations. Repeated measures MANOVA with percentage incidence of forgetting at each level of learning as the dependent variable, age as a between-participants factor, and level of learning a within-participants factor, yields a significant main effect of age [F(l,52) = 18.17; MS = 2987; p < .001]. The effect of level of learning was also significant [F(6,302) = 87.55; MS = 11444; p < .001], and there was a significant age by level interaction [F(6,302) = 8.16; MS = 1067; p < .001] (the degrees of freedom for the within-persons effects have been adjusted using a Greenhouse-Geisser epsilon value of 0.727). Table 1 shows that short-term forgetting by the two age groups is most divergent for material that has not been well learned (after merely one or two trials). Thereafter, as the degree of learning increases, the incidence of short-term forgetting falls sharply (as expected) and percentage values for the two groups converge. This is responsible for the age by levels interaction noted above. Subsequent univariate analyses reveal that the age effect is statistically significant only for the first two levels, corresponding to material that had not been well learned: for material recalled on one previous trial only, F = 32.95; MS = 7342; p < .001; for mate- rial recalled on the two consecutive preceding trials, F = 15.00; MS = 3674; p < .001; for material recalled on three consecutive to nine consecutive previous trials, p > .05, i.e., non-significant. Hypothesis la is thus confirmed. Older people exhibit greater short-term forgetting only when material has not been well learned; for well-learned material there is no age difference in short-term forgetting.
Hypothesis lb: Successful New Attempts
The mean number of new successful responses averaged over all trials for both age groups is also shown in Table 1 . Repeated measures MANOVA with number of successful new responses on each of the 24 trials as the dependent variable, age a between-participants factor, and trials a within-participants factor, revealed a significant main effect of age [F(l,59) = 21.11; MS = 15.12; p < .001]. The main effect of trials was also significant [F(12,707) = 3.38; MS = 1.66; p < .001], as was the trials by age interaction [F(12,707) = 3.25; MS = 1.59; p < .001] (the degrees of freedom have been adjusted using a Greenhouse-Geisser epsilon value of 0.544). Univariate analyses for each of the 23 trials (the variable, being correct in consecutive trials, is not defined for trial one) showed a significant age effect in trials 2, 3, 4, 6, 7, 8, and 11 (p < .05 or better). In all of these trials the performance of older participants was significantly worse. Hypothesis l b is thus supported.
What factors might be behind the lower incidence of new successful responses among older participants? As discussed above, the failure to inhibit previously incorrect responses would have an obvious adverse effect. In the present study, averaged over all trials and all targets the mean number of perseverative errors was 12.3 and 20.1 for younger and older participants respectively. As a percentage of the total number of incorrect responses, perseverative errors were 17.1% for younger participants and 21.0% for older individuals. This difference was statistically significant (p < .05 via independent t test).
What can be said about the relationship between new successful responses and short-term forgetting at the various levels? Table 2 reports correlation coefficients between forgetting at each of the nine levels and new successful responses. The table reveals interesting differences in the relationship between these variables between the two age groups. For the older age group the only significant correla- tion is negative and relates to forgetting at level 1. The implication of this negative relationship is that among older learners those who generate the smallest number of new successful responses are also the ones most likely to forget these on the following trial. This is consistent with both outcomes arising from the same underlying mechanism in older participants. However, the equivalent correlation for the younger group, although negative, is non-significant. For the younger group, there is a generally small but positive correlation between forgetting and new successful responses from level 2 to level 6. A possible explanation for this pattern is that, given the high level of performance achieved by the younger group, a response forgotten created an additional opportunity to generate a new successful response in the subsequent trials.
Hypotheses lc and Id: Accounting for the Overall Age Effect
Do older participants perform less well on the learning task (in terms of the number of learning attempts) because they exhibit more short-term forgetting, or is the performance decrement due to their making fewer new successful responses? The results pertaining to hypotheses la and lb suggest that both influences are present.
To examine these two possibilities, we intended to apply the ANCOVA procedure, with number of learning attempts as the dependent variable, age as the treatment variable, and forgetting and new successful responses respectively as covariates. However, in both cases the increment in the R 2 value associated with the interaction term (between age and the covariate) was statistically significant, so that homogeneity of regression could not be assumed; the full AN-COVA procedure was therefore not appropriate.
In order to test hypotheses lc and Id, a related procedure was employed, in terms of hierarchical regression analysis. The results of the regression analyses are presented in Table  3 . The results for equation 1 listed in the top half of the table relate to number of attempts as the dependent variable and age and short-term forgetting (entered individually and together) as independent variables. For equation 2, the dependent variable is again number of attempts, and the inde- fThe value reported is the denominator in the F term = (f-r) X (1 R\i); (seeHowell, 1992; p. 516). pendent variables are age and new successful responses. In both cases the participant's actual age in years was entered as the independent variable. For both equations it is clear that the increment in R 2 uniquely associated with age remains statistically significant following control for age differences in forgetting (equation 1) and age differences in new successful responses (equation 2). Hypotheses lc and Id must therefore be rejected.
However, it is important to treat the above results with some caution. The ANCOVA reported earlier revealed that the relationship between the criterion (total number of attempts) and the independent variables (forgetting and new successful responses) differed significantly between the two age groups. That was why homogeneity of regression could not be assumed. The hierarchical regression analyses reported above involve estimating a single beta coefficient for forgetting for both age groups. Similarly a single coefficient is estimated for new successful responses. If it were the case that the performance of older persons was more affected by forgetting relative to their younger counterparts, then the single coefficient might underestimate the true impact of forgetting (for the older group), and the increment to R 2 attributable to age might therefore be over-estimated. The same possibility is true for new successful responses.
At least with regard to forgetting, subsequent regression analyses showed that this is not the case. Separate regressions for each of the two age groups, with number of learning attempts the dependent variable and forgetting the independent variable, snowed that the standardized beta weight associated with forgetting is considerably smaller for the older group relative to the outcome for the younger (0.227 versus 1.014). The same is not true of new successful responses. Separate regressions for each of the two age groups, with number of learning attempts the dependent variable and new successful responses the independent variable, revealed that the standardized beta weight for the older group is greater in absolute terms relative to the outcome for the younger group (-.909 vs -.459) . This leaves open the possibility that the incremental age effect may have been overestimated with respect to new successful responses and underestimated with respect to total forgetting. The implication is that the grounds for rejecting hypothesis lc are strengthened, while those for rejecting hypothesis Id are lessened. Our rejection of hypothesis Id should therefore be treated with some caution.
Hypotheses 2a, 2b and 2c: The Impact of Perceptual Speed and Central Executive Functioning
Reliability analysis for perceptual speed (measured through letter and pattern comparison speed) yielded a high alpha value of 0.93; for the random letter generating task (assessing central executive functioning), alpha was 0.82 (based on alphabetical and repeat sequences). Mean values for perceptual speed and the central executive measure for the two age groups are to be found at the bottom of Table 1 . (Recall that on the central executive measure a high score is indicative of poor performance.) It can be seen that the older group was slower on the perceptual speed measure (p < .001 by independent t test) and did less well on the central executive measure (p < .001 by independent t test).
P118
FISKAND WARR
It was expected that age-deficits in number of attempts, new successful responses and short-term forgetting would be substantially reduced after statistical control for the effects of perceptual speed and central executive functioning. An ANCOVA procedure was used to examine this possibility, and the results are set out in Tables 4 and 5. Table 4 contains the full model regression equations estimated as part of the ANCOVA process. The table contains three separate regression analyses for each of the three dependent variables: number of attempts (Table 4a) , new successful responses (Table 4b) , and total forgetting (Table 4c ). All analyses contained age-(this was the single treatment variable with values of 1 and -1 corresponding to the young and old age groups) and the constant term as independent variables. Also included as independent variables were one or both of the covariates, perceptual speed and the central executive measure.
Tests for homogeneity of regression were conducted for all nine full model equations listed in Table 4 . In all but one case the effect of the interaction term between the treatment and the covariate was non-significant (p > .05) and therefore (excluding the one case) homogeneity of regression can be assumed. The one exception was the equation with forgetting as the criterion and age and the central executive measure as independent variables. In this case, the interaction term was just significant [F(l,50) = 4.29; p < .05] and homogeneity of regression cannot therefore be assumed.
This should be borne in mind when considering the results set out below. Following the usual ANCOVA procedure, adjusted means were computed for the dependent variables from the full model equations and are presented as the final two columns of Table 4 . The adjusted means describe the average levels of the dependent variables after the unique effects of the covariate(s) have been removed. They may be compared with the unadjusted means which are presented at the bottom of the table.
For the number of attempts variable, the difference between the unadjusted means is 259.11 (600.61-341.50). Although control for the effects of the covariates reduces this difference, the reduction is a modest one. The largest reduction is achieved for the perceptual speed covariate which reduces the gap between the means to 171.42 (557.49-386.07), a reduction of 34%. On the other hand, control for the central executive measure hardly reduces the difference at all. The same pattern of results emerges for the other two dependent variables. For new successful responses and for forgetting, control for perceptual speed reduces the difference between the means for the two age groups by 22% and 34% respectively; on the other hand control for central executive functioning has virtually no attenuating effect.
For each of the nine regression models set out in Table 4,  Table 5 contains the incremental effects of the treatment variable (age) and of the covariates. These have been corn- puted from the full and reduced model ANCOVA equations. Table 5 contains the R 2 change arising from the inclusion of each covariate as well as the R 2 change attributable to the inclusion of the treatment variable, age. The related mean square error term and the F values corresponding to the R 2 increments are also included. The sixth (penultimate) column of the table reveals that the treatment effect (attributable to age) remained significant following control for the covariate(s) for all nine model equations. In summary, the difference between the respective adjusted means remained significant following control for perceptual speed and central executive functioning, and the age effects were not eliminated.
The limited effects of the two covariates are also apparent from studying columns 2 and 5 of Table 5 . In all cases the R 2 increment attributable to the covariate is less than that attributable to age. Since each of these increments is equal to the squared semi-partial correlation coefficient for the variable in question, and since that quantity is an indication of the variable's importance in the regression equation (Howell, 1992) , this implies that age is a better predictor than the covariate in all cases. If the age differences in the dependent variables were in fact caused by the covariates, it might have been reasonable to expect the opposite outcome. In fact, inspection of column 3 in Tables 5b and 5c reveals that none of the R 2 increments for covariates were statistically significant.
Thus the results set out in Tables 4 and 5 lead us to reject hypotheses 2a, 2b and 2c. Regarding hypothesis 2a about the effects of perceptual speed, in all cases the adjusted means (Table 4) were no more than 22-34% below the unadjusted means and Table 5 revealed that the age effect remained significant. The central executive measure (hypothesis 2b) had virtually no attenuating effect, with the adjusted means being similar in magnitude to the unadjusted. The relative absence of an effect for the central executive measure also leads us to reject hypothesis 2c, which stated that the central executive measure would have a larger attenuating effect than the speed measure.
Additional analyses have been carried out to address a methodological issue about the two subsidiary measures of associative learning. As in all studies in this area, the analysis of new successful responses and of short-term forgetting is to an extent compromised in later learning trials. Clearly when most responses have been learned and performance is near perfect (as was the case for the younger group in the final few trials), then the opportunity to make new successful responses is severely limited or non-existent. Similarly, the possibility of forgetting items that have not been well learned is reduced in the later trials when the recall of most items is near-perfect. Therefore, performance during the earlier trials probably provides a better indicator of both these measures.
However, there is no clear-cut point where the validity of the measures can be called into question, and imposing a cut-off after any given trial would inevitably be arbitrary. For this reason, data over all the 24 learning trials were included in the analyses set out above. Nevertheless, in subsequent analyses in which the short-term forgetting variable was limited to the lowest two levels (corresponding to the least well learned material) and the new successful responses variable was averaged over the first eight trials only, results were found to closely replicate the findings set out in Tables 4b, 4c , 5b, and 5c.
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DISCUSSION
This study has gone beyond most research into associative learning, by examining the role of two sub-activities: short-term forgetting and the formation of new successful responses. One possible explanation for the inferior performance of older individuals in learning tasks emphasizes forgetting as the primary mechanism. According to this perspective, the problem faced by older persons is not with the initial formation of the association but with recalling it subsequently. The association is learned and soon afterwards successfully recalled, only to be forgotten on the next trial. The present results suggest a more complex picture than that. First, older persons are as efficient as younger ones in recalling material that has been well learned (hypothesis la). Second, it is clear that, irrespective of their propensity to forget, older persons experience more difficulty in forming the associations in the first place. They generate significantly fewer new successful responses (hypothesis lb). Third, unlike the outcome obtained by Salthouse (1994) , the age effect remained statistically significant following control for age differences in the propensity to forget (hypothesis lc).
Although older persons perform significantly less effectively on material that has not been well learned, it is uncertain whether this behavior should be described as forgetting. As mentioned above, a correct response does not always imply that learning has occurred; the response may have arisen by chance or may be an 'educated guess.' Subsequent failure to produce the response might therefore be due to factors other than forgetting; for example, older persons might be less adept at utilizing feedback. In the present task, successful learning involves both strengthening the association between the key and the related cursor movement and simultaneously suppressing or inhibiting incorrect responses, in which a wrong key has been associated with the cursor movement in question. Older persons may be deficient in one or both respects.
Deficiency of both kinds would not prevent learning altogether. Sub-optimal use of feedback from previous trials would leave the older person with a small number of possible response alternatives, including those previously tried but incorrect as well as the correct alternative. In such circumstances older persons would generate fewer new successful responses. In addition, through educated guesswork he or she would be correct on some occasions, only to fail on the next trial because the association had not been properly learned. It seems inappropriate to describe such behavior as forgetting.
Viewed in this light, the inability to generate new associations and "forgetting" at level 1 may in reality be different aspects of the same underlying process (incomplete learning). What evidence is there in the present study for linking these outcomes? Table 2 revealed a substantial negative correlation (-.89) between the new successful responses (new associations) and forgetting at level one but only for the older group. On the other hand, again for the older group, the correlation between new associations and forgetting at the remaining levels (2-9) was much smaller and failed to reach statistical significance.
For the younger group, by way of contrast, there is no significant negative correlation between the two variables at level 1. Indeed a small but significant positive correlation was found for levels 2 to 6. This may be of an opportunistic nature, in the sense that given the near perfect background level of performance among the younger group (a person cannot generate a new successful response if he or she is already correctly identifying all of the targets) occasional forgetting at these levels creates the opportunity to generate an additional successful response.
To summarize, it is possible, at least for the older group, that forgetting at level 1 may not be forgetting at all, and may instead be a reflection of the fact that formation of the association is incomplete. Equally, while it is less plausible to claim that an item that has been recalled in two or more consecutive trials has not been learned, the present study shows little evidence of an age difference in the incidence of forgetting for this well-learned material. Thus with regard to age differences in associative learning, the importance of forgetting as an explanatory mechanism has probably been overestimated. It is the differential ability to generate new successful responses that appears to be important.
Older persons' tendency more often to forget littlelearned material in the course of the task may be due to the fact that they less effectively encode new material, that their associations are more affected by interference from other associations, or both. In relation to the second possibility, Hasher, Stoltzfus, Zacks, and Rypma (1991) have demonstrated that older persons are less able to suppress information relative to their younger counterparts. There is direct evidence for this in the present study, since the incidence of perseverations (for a given target, the repeated selection of the same incorrect response in two or more consecutive trials) was found to be significantly higher in older participants. This reflects the inability of older participants to suppress or inhibit responses that they have been told are incorrect in the previous trial.
In fact the present study adopts a conservative criterion for defining a perseverative error. Given a specific target, such an error is said to occur when a person selects the same incorrect response on two consecutive trials and this behavior occurs on the first attempt in both instances. Thus, for example, a response on the second or third attempt in trial j which was the same as that given in trial j -1 would not be counted as a perseverative error. This limitation has the advantage of facilitating comparison with the data from other studies (e.g., Salthouse, 1994) . Also, if all attempts from both trials were to be included in defining a perseverative error, this would greatly increase the risk that participants responding at random might be mistakenly judged as having made perseverative errors. Nevertheless, it should be borne in mind that this conservative definition of perseverative errors may underestimate the true effects of impaired inhibition. Furthermore, the fact that in the present study (as often in real life) participants are allowed several attempts to identify a target increases the potential number of responses that would need to be inhibited.
Overall, this failure of inhibition would adversely affect the number of new successful responses, and responses that had been guessed correctly on a previous trial would appear to be forgotten in the current trial. In reality, this behavior would have less to do with forgetting and more to do with the fact that the knowledge structure was not completely formed. The observed lack of an age deficit in the forgetting of welllearned material would also be consistent with this view.
Perceptual speed was found to reduce the age-related variance in learning performance, forgetting, and new successful responses when introduced as a covariate, but only to a modest degree. Furthermore, the incremental effect on R 2 attributable to perceptual speed was non-significant in predicting new successful responses and just short of significance in predicting total forgetting (Table 5b and 5c). Thus hypothesis 2a was rejected. The central executive measure was found to have virtually no attenuating effect on any of the learning measures, with the adjusted means emerging from the ANCOVA procedure being similar in magnitude to the unadjusted means. Hypotheses 2b and 2c were also therefore rejected.
However, as noted above, it is not yet entirely clear what is measured by the perceptual speed variable. Although perceptual speed has an effect, its interpretation remains uncertain. Furthermore, it might be argued that the random-letter generation measure of central executive functioning is not a strong enough indicator of that construct. On the positive side, the measure taps important aspects of central executive functioning, since it requires people to suppress natural retrieval strategies and instead search for alternative ways to generate the required output. On the other hand, while the random-generation task has been used in experimental designs employing dual tasks (Gilhooly et al., 1993; Teasdale et al., 1993) , its role as an indicator of individual differences in central executive functioning has not been extensively studied. While it appears to reflect the capacity to suppress well-learned response strategies when they become inappropriate, other aspects of central executive functioning may be inadequately captured. For example, the measure may provide insufficient coverage of contention scheduling (the automatic resolution of the conflicting demands of simultaneously active schemas) or the ability to monitor progress toward current goals and to select appropriate strategies. The present conclusions in respect to central executive functioning need to be considered with those limitations in mind; research into associative learning with additional measures of central executive functioning would now be valuable.
Finally, the use of the ANCOVA procedure in situations where the treatment variable (age) may itself systematically vary on the covariates is controversial. ANCOVA is best suited to situations where participants are randomly assigned to treatment groups and where differences between those groups on the covariates arise as a consequence of chance (Howell, 1992) . However, Howell also notes that ANCOVA also has a place in situations like those in the present study where the treatment groups vary on the covariate, provided that due care is taken in interpreting the results.
